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(54) PLL circuit 

(57) A PLL circuit includes: a phase comparator (2) 
for comparing the phase of an input signal with the 
phase of a reference input signal to output a signal 
according to the phase difference therebetween; a low 
pass filter (4, 6) for. outputting a low frequency control 
voltage on the basis of the output of the phase compa- 
rator; a voltage control oscillator (14) for controlling an 
oscillating frequency on the basis of the control voltage; 
and a characteristic control part (8, 10, 12) for control- 



ling the characteristic of oscillating frequency to control 
voltage of the voltage control oscillator on the basis of 
n+1 ranges of first through n+1-th ranges obtained by 
dividing a variable range of the control voltage by first 
through n-th (n is 2) thresholds which are different from 
each other. Thus, it is possible to widen the operating 
frequency range, and it is possible to inhibit the fre- 
quency variation due to noises. 
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Description 

BACKGROUND OF THE INVENTION 
Field of The Invention 

[0001] The present invention relates generally to a 
PLL circuit. 

Description of The Prior Art 

[0002] Typically, a PLL circuit comprises: a phase 
comparator for comparing the phase of a reference 
input clock signal F ref , which is supplied from the out- 
side, with the phase of an internal clock signal F vco to 
output a phase difference signal; a loop filter for receiv- 
ing the phase difference signal to output a control volt- 
age V cnt ; and a voltage control oscillator for outputting 
the internal clock signal synchronized with the reference 
input clock signal in accordance with the control voltage 
Vent- 

[0003] In such a conventional PLL circuit, the output 
(oscillating frequency) F vco of a voltage control oscillator 
varies in accordance with the control voltage V cnt out- 
putted from the loop filter. In order to remedy the irregu- 
larity in process for the PLL circuit to enhance the 
product yield, the variable range (operating frequency 
range) of the oscillating frequency F vco of the voltage 
control oscillator is desired to be wider. In order to 
increase the variable range of the oscillating frequency 
Fvco- ft ' s required to enhance the gain of the voltage 
control oscillator. In this case, the variation in the oscil- 
lating frequency F vco to the unit variation in the control 
voltage V cnt increases, so that there is a problem in that 
the frequency variation due to noises increases. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present inven- 
tion to eliminate the aforementioned problems and to 
provide a PLL circuit capable of extending the operating 
frequency range and of controlling the frequency varia- 
tion due to noises. 

[0005] In order to accomplish the aforementioned 
and other objects, according to one aspect of the 
present invention, a PLL circuit comprises: a phase 
comparator for comparing the phase of an input signal 
with the phase of a reference input signal to output a 
signal according to the phase difference therebetween; 
a low pass filter for outputting a low frequency control 
voltage on the basis of the output of the phase compa- 
rator; a voltage control oscillator for controlling an oscil- 
lating frequency on the basis of the control voltage; and 
a characteristic control part for controlling the character- 
istic of oscillating frequency to control voltage of the 
voltage control oscillator on the basis of n+1 ranges of 
first through n+1-th ranges obtained by dividing a varia- 
ble range of the control voltage by first through n-th (n s 



2) thresholds which are different from each other. 
[0006] The characteristic control part preferably 
comprises: a voltage comparator for determining which 
range of the first through n+1-th ranges the control volt- 

5 age belongs to, by comparing the control voltage with 
the first through n-th thresholds; and an additional cur- 
rent generating part for generating an additional current 
on the basis of the output of the voltage comparator, 
wherein the characteristic of the voltage control oscilla- 

10 tor is controlled on the basis of the additional current. 
[0007] The voltage control oscillator preferably 
comprises: a voltage-to-current converter for converting 
the control to a current; and a current control oscillator 
for controlling the oscillating frequency on the basis of 

15 the sum of the output of the voltage-to-current converter 
and the additional current. 

[0008] The number n of the thresholds may be 2, 
the first threshold may be lower than the second thresh- 
old, and the voltage comparator may perform the ana- 

20 log-to-digital conversion of the output of the low pass 
filter, the voltage comparator outputting a signal having 
a value of when the AD converted control voltage is 
lower than the first threshold and belongs to the first 
range, a signal having a value of "0" when the AD con- 

25 verted control voltage is not lower than the threshold 
and lower than the second threshold and belongs to the 
second range, and a signal having a value of "1" when 
the AD converted control voltage is higher than the sec- 
ond threshold and belongs to the third range. 

30 [0009] The additional current generating part may 
have a memory for adding the output of the voltage 
comparator to a value stored therein, to update the 
added result to output the updated value as a code, the 
additional current generating part generating the addi- 

35 tional current on the basis of the code outputted from 
the memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0010] The present invention will be understood 
more fully from the detailed description given herebelow 
and from the accompanying drawings of the preferred 
embodiments of the invention. However, the drawings 
are not intended to imply limitation of the invention to a 

45 specific embodiment, but are for explanation and under- 
standing only. 
[001 1] In the drawings: 

FIG. 1 is a block diagram of a preferred embodi- 
50 ment of a PLL circuit according to the present 
invention; 

FIG. 2 is a block diagram showing an example of a 
voltage control oscillator according to the present 
invention; 

55 FIG. 3 is a circuit diagram showing an example of a 
charging pump and a low pass filter; 
FIG. 4 is a graph showing the F-V characteristic of 
a voltage control oscillator; 
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FIG. 5 is a graph showing the F-V characteristic of 
a voltage control oscillator according to the present 
invention; 

FIG. 6 is an illustration for explaining the operation 
of the preferred embodiment shown in FIG. 1; 
FIG. 7 is an illustration for explaining the operation 
. of the preferred embodiment shown in FIG. 1 ; and 
FIG. 8 is a block diagram of a synthesizer using a 
PLL circuit according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0012] Referring now to the accompanying draw- 
ings, a preferred embodiment of a PLL circuit according 
to the present invention will be described below. 
[0013] FIG. 1 shows a preferred embodiment of a 
PLL circuit according to the present invention. In this 
preferred embodiment, the PLL circuit comprises a 
phase comparator 2, a charging pump 4, a low pass fil- 
ter (which will be also hereinafter referred to as a "LPF") 
6, a voltage comparator 8, a register 10, an additional 
current 12, and a voltage control oscillator (which will be 
also hereinafter referred to as a "VCO") 14. 
[0014] The phase comparator 2 compares the 
phase of a clock input F vco with the phase of a reference 
clock input F ref to output two outputs u, d in accordance 
with the phase difference therebetween. For example, 
when the phase of the clock input F vco lags behind the 
phase of the reference clock input F ref , the output u is 
"1" and output d is "0" while there is a phase difference. 
When the phase of the clock input F vco is in advance of 
the phase of the reference clock input F ref , the output u 
is "0" and output d is '"1" while there is a phase differ- 
ence. When the phase difference is zero, each of the 
two outputs u, d is zero. 

[0015] The charging pump 4 outputs a voltage sig- 
nal according to the phase difference on the basis of the 
two outputs u, d of the phase comparator 2. Then, the 
low pass filter 6 damps the high frequency component 
of the charging pump 4. The concrete constructions of 
the charging pump 4 and low pass filter 6 are shown in 
FIG. 3. In FIG. 3, the charging pump 4 comprises a con- 
stant current source 4a, switches 4b, 4c and a constant 
current source 4d. The low pass filter 6 comprises a 
resistor 6a and a capacitor 6b. The switch 4b is "closed" 
when the signal u is "1", and "open" when the signal u is 
"0". The switch 4c is "closed" when the signal d is "1", 
and "open" when the signal d is "0". Therefore, when the 
phase of the clock signal F vco lags behind the phase of 
the reference clock signal F ref , i.e., when the signal u is 
"1" and the signal d is "0", the switch 4b is closed, so 
that the output voltage of the low pass filter 6 
increases. On the other hand, when the phase of the 
clock signal F vco is in advance of the phase of the refer- 
ence clock signal F ref , i.e., when the signal u is "0" and 
the signal d is "1", the switch 4c is closed, so that the 
output voltage V cut of the low pass filter 6 decreases. 



[0016] The voltage comparator 8 performs the ana- 
log-to-digital conversion of the output of the low 
pass filter 6, determines which range of three ranges 
S 0 , Si and S 2 shown in FIG. 4 the converted value 

5 belongs to, and outputs an output signal Sy in accord- 
ance with the determined results. In FIG. 4, a graph g 
shows the F-V characteristic of the voltage control oscil- 
lator, and comprises a linear portion go and two non-lin- 
ear portions g L , g H . The above described range S 0 

10 corresponds to the control voltage v cnt in the linear por- 
tion g 0 of the characteristic graph g, and is the optimum 
range when oscillation is carried out. In this range S 0 , 
an optional voltage V 0 is higher than a threshold (V 0 
£ Vi), and lower than a threshold V 2 (V 0 s V 2 ). On the 

15 other hand, the range S L corresponds to the control 
voltage V cnt in the non-linear portion g H of the charac- 
teristic graph g. In this range S L , an optional value V L is 
lower than the threshold (V L < V^. In addition, the 
range S H corresponds to the control voltage V cnt of the 

20 non-linear portion g H of the characteristic graph g. In 
this range S H , an optional value V H is higher than the 
threshold V 2 (V H > V 2 ). 

[0017] Then, the output signal S^ is "0" when the 
AD-converted value of the control voltage V cnt is within 
25 the range S 0 , "1" when it is within the range S H , and "-1" 
when it is within the range S L . 

[0018] The register 10 adds the output S v of the 
voltage comparator 8 to a stored value to update the 
added result to transmit the updated value to the addi- 
30 tional current generator 12 as a code. 

[0019] The additional current generator 12 outputs 
an additional current l dac on the basis of the code out- 
putted from the register 10. 

[0020] The voltage control oscillator 14 outputs an 

35 oscillating frequency signal F vco the basis of the control 
voltage V cnt , which is outputted from the low pass filter 
6, and the additional current l dac which is outputted from 
the additional current generator 12. As shown in FIG. 2, 
the voltage control oscillator 14 comprises a voltage-to- 

40 current converter 14a, an adder 14b, and a current con- 
trol oscillator 14c. The voltage-to-current converter 14a 
outputs a current l cnt in proportion to the control voltage 
V cnt . The adder 14b adds the output l cnt of the voltage- 
to-current converter 14a to the output l dac of the addi- 

45 tional current generator 12 to an added result l^ to the 
current control oscillator 14c. The current control oscil- 
lator 14c outputs an oscillating frequency signal on the 
basis of the output of the adder 14b. 
[0021] For example, FIG. 5 shows the variation in F- 

50 V characteristic in this preferred embodiment, which 
shows the relationship between the control voltage V cnt 
and the oscillating frequency F vco when the codes out- 
putted from the register 10 are expressed as "00", "01", 
"10" and "1 1" by 2 bits to be used as parameters. When 

55 the codes are expressed as "00", " 01", "10" and "11", 
the F-V characteristics are shown by graphs m 1f m 2 , m 3 
and m 4 , respectively. As can be seen from FIG. 5, the 
characteristic graph translates to a higher frequency 
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region as the value of the code increases. 
[0022] Referring to FIGS. 6 and 7, the operation of 
the PLL circuit in this preferred embodiment will be 
described below. 

[0023] Considering a case where the control volt- 
age V H corresponding to a target frequency (a target 
value of the voltage control oscillator 14) F tar is higher 
than the threshold V 2 when the F-V characteristic of the 
voltage control oscillator 14 is a graph n A shown in FIG. 
6(a). In this case, the control voltage V H is within a 
range (the range S H shown in FIG. 4) which is shifted 
from the optimum range (the linear portion of the char- 
acteristic graph). At this time, the control voltage V cnt 
outputted from the low pass filter 6 is V H . Then, the volt- 
age comparator 8 compares the control voltage V cnt 
with the thresholds V 2 , V n in the optimum range to 
determine that the control voltage V cnt is within the 
range S H shown in FIG. 4. Thus, the voltage comparator 
8 outputs a signal having a value of "1". This value is 
added to the last value stored in the register 10 to be 
updated. Since the updated value is greater than the 
last value, the additional current l dac outputted from the 
additional current generator 12 increases. Therefore, 
the current inputted to the current control oscillator 
14c also increases, so that the frequency signal F cvo 
serving as the output of the current control oscillator 14c 
also increases. This means that the F-V characteristic 
of the voltage control oscillator 14 varies from the graph 
n 1 to a graph n 2 as shown in FIG. 6(b). Thus, the control 
voltage corresponding to the target frequency F tar 
increases. The above described operation is repeated 
until the control voltage V cnt enters the optimum oscilla- 
tion range (the range Sq shown in FIG. 4). Finally, the 
control voltage V cnt is stable when it reaches the opti- 
mum oscillation range. 

[0024] Contrary to the above described case, con- 
sidering a case where the control voltage V L corre- 
sponding to the target frequency F tar is lower than the 
threshold V 1 when the F-V characteristic of the voltage 
control oscillator 14 is a graph n 3 shown in FIG. 7(a). In 
this case, the control voltage V L is within a range S L 
which is shifted from the optimum range S 0 . At this time, 
the control voltage V cnt outputted from the low pass filter 
6 is V L . Then, the voltage comparator 8 compares the 
control voltage V cnt with the thresholds V 1 , V 2 to deter- 
mine that the control voltage V cnt is within the range S L 
shown in FIG. 4. Thus, the voltage comparator 8 outputs 
a signal S v having a value of "-1 M . This value is added to 
the value stored in the register 10 to be updated. Since 
the updated value is smaller than the last value, the 
additional current l dac outputted from the additional cur- 
rent generator 12 decreases. Therefore, the current 
inputted to the current control oscillator 14c also 
decreases, so that the frequency signal F cvo serving as 
the output of the current control oscillator 14c also 
increases. This means that the F-V characteristic of the 
voltage control oscillator 14 varies from the graph n 3 to 
a graph n 4 as shown in FIG. 7(b). Thus, the control volt- 



age V cnt corresponding to the target frequency F tar 
decreases. This operation is repeated until the control 
voltage V cnt enters the optimum oscillation range. 
Finally, the control voltage V cnt is stable when it reaches 

5 the optimum oscillation range. As can be seen from the 
foregoing, the voltage comparator 8, the register 10, 
and the additional current generator 12 constitute a 
characteristic control part for controlling the F-V charac- 
teristic of the voltage control oscillator 14. 

10 [0025] As described above, according to the PLL 
circuit in this preferred embodiment, the control voltage 
is compared with a plurality of thresholds, and the F-V 
characteristic of the voltage control oscillator is caused 
to vary on the basis of the compared results. Therefore, 

15 the operating frequency range can be wider, and the 
gain of the voltage control oscillator hardly varies, so 
that it is possible to inhibit the frequency variation due to 
noises. 

[0026] Referring to FIG. 8, a frequency synthesizer, 
20 to which the preferred embodiment of a PLL circuit 
according to the present invention is applied, will be 
described below. 

[0027] This frequency synthesizer serves to obtain 
a plurality of stable frequencies from a reference fre- 
25 quency F ref . The frequency synthesizer comprises a 
controller 20, frequency dividers 22, 26, 28, and a PLL 
circuit 24. 

[0028] The PLL circuit 24 has the same construc- 
tion as that in the above described preferred embodi- 

30 ment shown in FIG. 1 . The frequency divider 22 divides 
the reference frequency F ref into 1/N frequencies, and 
the divided frequencies are used as reference inputs to 
the PLL circuit. The frequency divider 26 divides the 
output frequency F vco of the PLL circuit into 1/M fre- 

35 quencies as inputs to the PLL circuit 24. The frequency 
divider 28 outputs a clock of a frequency F out which is 
obtained by dividing the output frequency F vco of the 
PLL circuit into 1/P frequencies. 
[0029] Therefore, the frequency F out is as follows. 

40 

F out = (M/(N • P)) • F ref 

[0030] In the frequency synthesizer with the above 
described construction, if a value expected to be most 
45 suitable for the stable oscillation of the output clock F out 
is given to the register 10 as an initial value, it is possible 
to obtain a desired output clock F out rapidly after the 
dividing ratios of the frequency dividers 22, 26 and 28 
are changed. 

50 [0031] As described above, according to the 
present invention, it is possible to widen the operating 
frequency range, and it is possible to inhibit the fre- 
quency variation due to noises. 

[0032] While the present invention has been dis- 
55 closed in terms of the preferred embodiment in order to 
facilitate better understanding thereof, it should be 
appreciated that the invention can be embodied in vari- 
ous ways without departing from the principle of the 
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invention. Therefore, the invention should be under- 
stood to include all possible embodiments and modifica- 
tion to the shown embodiments which can be embodied 
without departing from the principle of the invention as 
set forth in the appended claims. 5 
[0033] Reference signs in the claims are intended 
for better understanding and shall not limit the scope. 

Claims 

10 

1. A PLL circuit comprising: 

a phase comparator (12) for comparing the 
phase of an input signal with the phase of a ref- 
erence input signal to output a signal according 15 
to the phase difference therebetween; 
a low pass filter (4, 6) for outputting a low fre- 
quency control voltage on the basis of the out- 
put of said phase comparator; 
a voltage control oscillator (14) for controlling 20 
an oscillating frequency on the basis of said 
control voltage; and 

a characteristic control part (8, 10, 12) for con- 
trolling the characteristic of oscillating fre- 
quency to control voltage of said voltage 25 
control oscillator on the basis of n+1 ranges of 
first through n+1-th ranges obtained by dividing 
a variable range of said control voltage by first 
through n-th (n s 2) thresholds which are differ- 
ent from each other. 30 

2. A PLL circuit as set forth in claim 1 , wherein said 
characteristic control part comprises: 

a voltage comparator (8) for determining which 35 
range of said first through n+1-th ranges said 
control voltage belongs to, by comparing said 
control voltage with said first through n-th 
thresholds; and 

an additional current generating part (10, 12) 40 
for generating an additional current on the 
basis of the output of said voltage comparator, 
wherein said characteristic of said voltage con- 
trol oscillator is controlled on the basis of said 
additional current. 45 



threshold is lower than said second threshold, and 
wherein said voltage comparator performs 
the analog-to-digital conversion of the output of 
said low pass filter, said voltage comparator output- 
ting a signal having a value of "-1" when the AD 
converted control voltage is lower than said first 
threshold and belongs to said first range, a signal 
having a value of B 0" when the AD converted control 
voltage is not lower than said threshold and lower 
than said second threshold and belongs to said 
second range, and a signal having a value of "1 n 
when the AD converted control voltage is higher 
than said second threshold and belongs to said 
third range. 

5. A PLL circuit as set forth in claim 4, wherein said 
additional current generating part has a memory 
(10) for adding the output of said voltage compara- 
tor to a value stored therein, to update the added 
result to output the updated value as a code, said 
additional current generating part generating said 
additional current on the basis of said code output- 
ted from said memory. 

6. A PLL circuit as set forth in claim 5, wherein said 
voltage control oscillator comprises: 

a voltage-to-current converter (14a) for con- 
verting said control voltage to a current; and 
a current control oscillator (14c) for controlling 
said oscillating frequency on the basis of the 
sum of the output of said voltage-to-current 
converter and said additional current. 



3. A PLL circuit as set forth in claim 2, wherein said 
voltage control oscillator comprises: 

a voltage-to-current converter (14a) for con- so 
verting said control to a current; and 
a current control oscillator (14c) for controlling 
said oscillating frequency on the basis of the 
sum of the output of said voltage-to-current 
converter and said additional current. 55 



4. A PLL circuit as set forth in claim 2, wherein the 
number n of said thresholds is 2, and said first 
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